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The Relationship between Acute Pain and Dynamic Postural Stability Indices in
Individuals with Patellar Tendinopathy

Background: Patellar tendinopathy is a common condition resulting in persistent pain,
frequently reported during physical activity. The relationship between dynamic postural stability
and pain in these individuals is unclear and how it may affect postural stability. Research
Question: Is there a relationship between acute pain and dynamic postural stability indices in
individuals with patellar tendinopathy? Methods: Twenty-two recreationally active individuals
with patellar tendinopathy participated. Participants performed a two-legged jump and landed on
a single test-limb on a force platform. They completed 100mm visual analogue scales (VAS)
before and after landing trials. Anterior-posterior (APSI), medial-lateral (MLSI), vertical (VSI),
and composite (DPSI) stability indices were calculated from ground reaction force data. The
relationship between stability indices and VAS for pain as well as pain change scores were
assessed via non-parametric Spearman’s rho (ρ) rank correlations (p≤.05). Results: Baseline pain
was not significantly correlated with any stability indices. Post-landing pain was significantly
correlated with MLSI (ρ= .540, p= .004) while, VSI (ρ = .353, p= .053) and DPSI (ρ=.347,
p=.057, Figure 1) had moderate, yet insignificant correlations. Pain change scores demonstrated
a large correlation with MLSI (ρ =.598, p=.002). Significance: As pain increased in individuals
with patellar tendinopathy, dynamic postural stability indices values increased, indicating more
difficulty transitioning from a dynamic to static state. Although balance deficits are not typically
associated with patellar tendinopathy, it appears pain and dynamic postural stability may be
related in these individuals. Word Count: 234

Introduction
Patellar tendinopathy is a degenerative condition characterized by persistent pain in
physically active individuals.1 Many athletes inflicted with patellar tendinopathy suffer from
long-term pain and disability, which frequently causes athletes to limit or discontinue sport
participation.2 However, many often continue to play and perform their preferred physical
activity despite their pain while receiving treatment, challenging clinicians to identify treatments
that are effective while tendon loading is occurring.3
The etiology of patellar tendinopathy is poorly understood but strength deficits, poor
flexibility of the quadriceps and hamstrings, and alterations in movement patterns are often
associated with patellar tendinopathy.4-7 A number of other lower extremity orthopedic
conditions, such as chronic ankle instability (CAI) and ACL ruptures have noted deficits in
dynamic postural stability, but there is little to no evidence documenting if deficits exist in
individuals with patellar tendinopathy.8-10 More similarly, in a population with patellofemoral
pain syndrome individuals have demonstrated worse dynamic balance as assessed by the starexcursion balance test.11,12 However, it is unknown how patellar tendinopathy related pain, a
common symptom in this population, affects dynamic postural stability.
This exploratory study will be used to establish a link between patellar tendinopathy related
pain and dynamic postural stability when landing on a single-limb. As patellar tendinopathy
often affects athletes involved in jumping sports such as basketball and volleyball players, it
important to stress the tendon during jumping and landing activities. Single-limb hopping tests
require dynamic stabilization, more closely resemble athletic activity and will significantly stress
the patellar tendon.15 This may provide insight to improve rehabilitation paradigms for these

patients as well as to drive future research. For instance, although balance exercises and training
are commonly advocated as part of a comprehensive treatment plan for those with patellar
tendinopathy,13 little evidence is available that demonstrates postural stability deficits exist in
this population and thus should be treated. Therefore, the purpose of this study was to determine
the relationship between pain and dynamic postural stability in individuals with patellar
tendinopathy.

Methods
Twenty-two recreationally active individuals with patellar tendinopathy were recruited to
participate in this study (Table 1). Participants first completed institution approved human
subjects consent, followed by a health history questionnaire, a Victorian Institute of Sport
Assessment Scale-Patella (VISA-P) and a baseline pain visual analogue scale (VAS) for their
involved knee. The VISA-P was designed to assess the severity of symptoms in patients with
patellar tendinopathy. The questionnaire is eight questions; six questions being a modified VAS
and two questions being multiple-choice. A score is given as a range of 0-100 with a score of
100 indicating that the individual is pain-free and without restrictions from physical activity, and
≤80 indicating an individual has patellar tendinopathy.14 Participants completed two VAS at
baseline, one asking regarding their pain at its worst in the past month and one how severe their
pain was today.
Inclusion criteria included 1) self-reported pain within the patellar tendon for a minimum
of the previous 3-months, 2) no pain in any other aspect of their knee, 3) ≤80 on the VISA-P, and
4) increased pain during single-limb jump landing compared to baseline as indicated by higher
levels of pain on their blinded VAS.3 Those who had a history of lower-extremity surgery or

fracture, were receiving formal treatment at the time of participation and participated in less than
90 minutes of physical activity per week were excluded.6 For those who reported bilateral
tendinopathy, their worse limb was used as the test-limb. As this was part of a larger
investigation, we also excluded individuals who reported symptoms consistent with patellar
tendinopathy but did not report higher levels of pain after the single-limb jump landing when
compared to the day of testing baseline VAS. Thus, participants in this analysis were only those
who demonstrated increased pain post-landing or acute pain symptoms.
Procedures
Participants first completed institution approved human subjects consent, followed by
health history questionnaires and a baseline pain VAS for their involved knee. Participants first
performed a maximum vertical jump. They then stood 70cm from the force platform and jumped
off two legs to 50% of their maximum vertical leap as a target height. Participants raised one arm
touched the Vertec© jump trainer (Sports Imports, Columbus, OH) and landed on a singlelimb.8,15 These two-legged jumps to single-limb landing were onto a force platform (1200Hz;
Bertec 4060-NC®; Bertec Corporation, Columbus, OH). Post-landing they were instructed to
stabilize as quickly as possible and balance for 10 seconds.8,15 Participants completed 5 jumplanding trials with a successful trial being when participants completed the landing, holding the
position for 10 seconds without falling or stumbling off the force platform.8,15 After the
completion of the landing trials, participants completed another VAS for pain and were blinded
to previous scores. A single-limb landing maneuver was chosen for several reasons. First,
several individuals reported unilateral patellar tendinopathy and we felt a single-limb landing
would elicit a greater response. Second, energy-storage activities such as a single-limb landing
with loading is common and recommended as part of a comprehensive evaluation protocol for

individuals with patellar tendinopathy.16 Lastly, this particular protocol has been used and
validated previously in individuals with other orthopedic conditions.8,15
Data and statistical analysis
A custom written MatLAB program (v7.0; the MathWorks, Natick, MA, USA) was used
to reduce and calculate dynamic postural stability indices from ground reaction force (GRF) data.
Data from the initial 3 seconds post-ground contact (>10N) were assessed.8 Calculations
included anterior-posterior (APSI), medial-lateral (MLSI), vertical (VSI), and composite (DPSI)
stability indices according to previously established formulae.8,15
All statistical analyses were performed using IBM Statistical Package for the Social
Sciences software (v23.0, IBM, Inc., Armonk, NY). A paired t-test and change scores were used
to assess differences in VAS pain. The relationship between stability indices and VAS for
baseline and post-landing pain, as well as change scores, were evaluated via non-parametric
Spearman’s rho (ρ) rank correlations. Statistical significance was set a-priori at p≤.05.
Correlational coefficients were assessed as <0.3=small, 0.3-0.5=medium and >0.5= large.17

Results
Demographic data from the included participants is in Table 1, while means and standard
deviations of VAS, change scores and stability indices are in Table 2. Participants indicated
greater pain post-landing compared to baseline (t=7.20, p<.001), which was anticipated.
Baseline pain was not significantly correlated with any stability indices (Table 2). Post-landing
pain had a large significant correlation with MLSI (ρ=0.540, p=0.004). While VSI (ρ=0.353,
p=0.053) and DPSI (ρ=0.347, p=0.057, Figure 1) had moderate, yet insignificant correlations.
Pain change scores had a large correlation with MLSI (ρ=0.598, p=0.002) (Figure 2).

Discussion
As post-landing pain increased in individuals with patellar tendinopathy, stability indices
values also increased, indicating more difficulty transitioning from a dynamic to static state.
Those with higher levels of pain and greater change in pain scores demonstrated increasingly
worse dynamic postural stability. The degree of patellar tendinopathy related pain one has may
have some influence on their dynamic postural stability.
Although previous studies have not directly assessed postural stability in patients with
patellar tendinopathy, those with other forms of knee pain have demonstrated alterations in
postural control. Most similarly, women with unilateral patella-femoral pain syndrome
previously demonstrated worse static posture in their symptomatic compared to their
asymptomatic limb.18 In those with knee osteoarthritis poorer function and more pain were
related to worse postural control and the postural control is worse compared to matched
controls.19,20 Experimentally induced knee pain also negatively altered static postural stability in
a healthy, young adult population.21 Therefore, knee pain, regardless of its source, may have a
negative impact on lower extremity postural control, likely due to its influence on sensorimotor
function. Pain signals may interfere with proprioceptive input controlling stability.21
The MLSI direction demonstrated the strongest correlations with pain. While the patellar
tendon has primary responsibilities to stabilize the knee in the anterior-posterior direction, in
general tendons have limited ability to transmit shearing and torsional forces compared to
tensile.22 With additional medial-lateral sway, the tendon may not be able to handle this
additional strain and perhaps, as pain increases, allowing more body motion or a longer duration
of motion in the medial-lateral direction may be an off-loading strategy. However, this requires
further investigation to determine.

Both proprioceptive and strength deficits are hallmarks of patellar tendinopathy which
may impact the dynamic postural stability. Effectively stabilizing during dynamic movement is
heavily dictated by one’s strength and proprioceptive function.23,24 In individuals with patellar
tendinopathy, those who report higher levels of dysfunction also have been shown to have less
strength and worse joint position sense.6,25 Consequently, dynamic postural stability likely
suffers as well. Additionally, subtle deficits in dynamic postural stability may develop as pain
acutely increases, decreasing stability performance, which has been linked to poor joint function.

Conclusion
In this preliminary analysis, pain moderately correlated with stability indices, indicating
as pain increased, stability worsened. Considering many individuals with patellar tendinopathy
continue to perform their preferred physical activity despite the persistent pain, they may be
performing demanding tasks but exhibiting a dynamic stability deficit.

References
1.

Khan KM, Maffulli N, Coleman BD, Cook JL, Taunton JE. Patellar tendinopathy: some
aspects of basic science and clinical management. Br J Sports Med. 1998; 32(4): 346355.

2.

Lian OB, Engebretsen L, Bahr R. Prevalence of jumper's knee among elite athletes from
different sports: a cross-sectional study. Am J Sports Med. 2005; 33(4): 561-567.

3.

Rudavsky A, Cook J. Physiotherapy management of patellar tendinopathy (jumper's
knee). J Physiother. 2014; 60(3): 122-129.

4.

Cook JL, Kiss ZS, Khan KM, Purdam CR, Webster KE. Anthropometry, physical
performance, and ultrasound patellar tendon abnormality in elite junior basketball
players: a cross-sectional study. Br J Sports Med. 2004; 38(2): 206-209.

5.

Crossley KM, Bennell KL, Cowan SM, Green S. Analysis of outcome measures for
persons with patellofemoral pain: which are reliable and valid? Arch Phys Med Rehabil.
2004; 85(5): 815-822.

6.

Witvrouw E, Bellemans J, Lysens R, Danneels L, Cambier D. Intrinsic risk factors for the
development of patellar tendinitis in an athletic population. A two-year prospective study.
Am J Sports Med. 2001; 29(2): 190-195.

7.

Rosen AB, Ko J, Simpson KJ, Kim S-H, Brown CN. Lower Extremity Kinematics
During a Drop Jump in Individuals With Patellar Tendinopathy. Orthop J Sport Med.
2015; 3(3).

8.

Brown CN, Ko J, Rosen AB, Hsieh K. Individuals with both perceived ankle instability
and mechanical laxity demonstrate dynamic postural stability deficits. Clin Biomech.
2015; 30(10): 1170-4.

9.

Delahunt E, Chawke M, Kelleher J, et al. Lower limb kinematics and dynamic postural
stability in anterior cruciate ligament-reconstructed female athletes. J Athl Train. 2013;
48(2): 172-185.

10.

Wikstrom EA, Tillman MD, Chmielewski TL, Cauraugh JH, Naugle KE, Borsa PA.
Dynamic postural control but not mechanical stability differs among those with and
without chronic ankle instability. Scand J Med Sci Sport. 2010; 20(1): e137-144.

11.

Goto S, Aminaka N, Gribble PA. Lower Extremity Muscle Activity, Kinematics, and
Dynamic Postural Control in Individuals With Patellofemoral Pain. J Sport Rehab. 2017:
1-29.

12.

Aminaka N, Gribble PA. Patellar taping, patellofemoral pain syndrome, lower extremity
kinematics, and dynamic postural control. J Athl Train. 2008; 43(1): 21-28.

13.

Grau S, Maiwald C, Krauss I, Axmann D, Janssen P, Horstmann T. What are causes and
treatment strategies for patellar-tendinopathy in female runners? J Biomech. 2008; 41(9):
2042-2046.

14.

Visenti PJ. The VISA score: an index of severity of symptoms in patients with jumper's
knee (patellar tendinosis). J Sci Med Sport. 1998; 1(1): 22.

15.

Wikstrom EA, Tillman MD, Smith AN, Borsa PA. A new force-plate technology
measure of dynamic postural stability: the dynamic postural stability index. J Athl Train.
2005; 40(4): 305-309.

16.

Malliaras P, Cook J, Purdam C, Rio E. Patellar Tendinopathy: Clinical Diagnosis, Load
Management, and Advice for Challenging Case Presentations. J Orthop Sports Phys Ther.
2015; 45(11): 887-898.

17.

Cohen J. Statistical power analysis for the behavioral sciences / Jacob Cohen. Hillsdale,
NJ: L. Erlbaum Associates, 2nd ed.; 1988.

18.

Citaker S, Kaya D, Yuksel I, et al. Static Balance in Patients With Patellofemoral Pain
Syndrome. Sports Health. 2011; 3(6): 524-527.

19.

Hassan BS, Mockett S, Doherty M. Static postural sway, proprioception, and maximal
voluntary quadriceps contraction in patients with knee osteoarthritis and normal control
subjects. Ann Rheum Dis. 2001; 60(6): 612-618.

20.

Petrella M, Gramani-Say K, Serrao PR, et al. Measuring postural control during minisquat posture in men with early knee osteoarthritis. Hum Mov Sci. 2017; 52: 108-116.

21.

Hirata RP, Arendt-Nielsen L, Shiozawa S, Graven-Nielsen T. Experimental knee pain
impairs postural stability during quiet stance but not after perturbations. Eur J Appl
Physiol. 2012; 112(7): 2511-2521.

22.

Vogel KG. What happens when tendons bend and twist? Proteoglycans. J Musculoskelet
Neuronal Interact. 2004; 4(2): 202-203.

23.

Williams VJ, Nagai T, Sell TC, et al. Prediction of Dynamic Postural Stability During
Single-Leg Jump Landings by Ankle and Knee Flexibility and Strength. J Sport Rehabil.
2016; 25(3): 266-272.

24.

Wang H, Ji Z, Jiang G, Liu W, Jiao X. Correlation among proprioception, muscle
strength, and balance. J Phys Ther Sci. 2016; 28(12): 3468-3472.

25.

Torres R, Ferreira J, Silva D, Rodrigues E, Bessa IM, Ribeiro F. Impact of Patellar
Tendinopathy on Knee Proprioception: A Cross-Sectional Study. Clin J Sport Med. 2017;
27(1): 31-36.

